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Missouri's Forest Resources in 2001

The North Central Research Station’s Forest
Inventory and Analysis (NCFIA) program
began fieldwork for the fifth forest inventory of
Missouri’s forest resources in 1999. This
inventory initiated the new annual inventory
system in which one-fifth of the field plots
(considered one panel) in the State are selected
for measurement each year. A complete
inventory consists of measuring and compiling
the data for all plots (or five panels). Once all
panels have been measured, each will be
remeasured approximately every 5 years. For
example, in Missouri, the field plots measured
in 2000 will be remeasured in 2005.

In 2001, NCFIA continued the annual inven-
tory effort with the third panel of the fifth
Missouri forest inventory. Previous inventories
of Missouri are dated 1947, 1959, 1972, and
1989 (Central States Forest Experiment Station
1948, Gansner 1965, Spencer and Essex 1976,
Spencer et al. 1992). This fifth inventory of
Missouri’s forest resources will be completed in
2003. However, because each year’s sample is a
systematic sample of the State and because
timely information is needed about Missouri’s
forest resources, estimates have been prepared
from data gathered during the first 3 years of
the inventory. Data presented in this report
represent 60 percent of the field plots (or three
panels) of a complete inventory. These data are
a combination of the first year’s panel from
1999, the second years panel from 2000, and
the third year’s panel from 2001. An earlier
report for the combined 1999 and 2000 panels
(Leatherberry and Treiman 2002) was pub-
lished. The results presented are estimates
based on sampling techniques; estimates for
this report were compiled assuming the 1999,
2000, and 2001 data represent one sample. As
additional panels are completed, the precision

of the estimates will increase and additional

data will be released.

Data from new inventories are often compared
with data from earlier inventories to determine
trends in forest resources. However, for the
comparisons to be valid, the procedures used in
the two inventories must be similar. As a result
of our ongoing efforts to improve the efficiency
and reliability of the inventory, several changes
in procedures and definitions have been made
since the last Missouri inventory in 1989 (Hahn
and Spencer 1991, Spencer et al. 1992).
Although these changes will have little impact
on statewide estimates of forest area, timber
volume, and tree biomass, they may have
significant impacts on plot classification
variables such as forest type and stand-size
class. Some of these changes make it inappro-
priate to directly compare portions of the
1999-2001 data with those published for

earlier inventories.

RESULTS

Area

Total forest land area was 14.7 million acres in
2001 (table 1). Eighteen percent of this area is
owned by public agencies and 82 percent is
owned by private landowners. In 2001, 4
percent of the area was dominated by conifers
and the remaining 96 percent by hardwoods.
Oak-hickory forests constituted almost three-
fourths of the total hardwood area. The pinyon/
juniper forest type group (primarily comprised
of eastern redcedar)! constituted 73 percent of

all forest land dominated by conifers.
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Figure 1.—Area of
timberland, Mis-
souri, 1947-2001.
(Note: The sam-
pling error associ-
ated with an
inventory estimate
is represented by
the vertical line at
the top of each
bar.)

Area (thousand acres)

Like forest land, timberland area has continued
to increase since its low point in the 1972
inventory (fig. 1), but total area in 2001 was
still less than the 15 million acres estimated in
the 1947 survey (Central States Forest Experi-
ment Station 1948). The oak component has
stayed nearly constant, with the 1947 oak/pine,
oak/hickory, and white oak forest type groups
constituting 77.6 percent of the total timberland
area, and the 1999-2001 oak/pine and oak/
hickory groups making up 78 percent.

The area of timberland by forest type group was
dominated by hardwoods (table 2), particularly
oak/hickory in 2001 (table 3 and fig. 2).
Hardwoods made up 96 percent of the total
acreage, 95 percent of all public land acreage,
and 96 percent of all private landholdings. Most
of the acreage in forest type groups was in the
sawtimber stand-size class, except for pinyon/
juniper, oak/pine, and maple/beech/birch.

The acreage of timberland in the sawtimber
class has increased by over 5 million acres since
1947 (fig. 3). When one combines the sawtim-
ber acreage with the poletimber acreage, it
appears Missouris forests are composed of many

large-diameter and, presumably, old trees.

18,000

Improved reforestation efforts, both natural and
planting, appears to have resulted in a negligible

number of acres in the nonstocked category.

The net volume of all live trees, which includes
growing stock, rough, and rotten trees, was 17.8
billion cubic feet in 2001 (table 4). Hardwoods
constituted 16.5 billion cubic feet and soft-
woods made up 1.3 billion cubic feet. Oaks
were 11.1 billion cubic feet or 67 percent of all
hardwoods. Select oaks (red and white) were
5.2 billion cubic feet or 47 percent of all oaks
and 31.6 percent of all hardwoods. This
represents a considerable increase over the 1972
inventory, which listed the total cubic foot
volume of all live trees as 9 billion cubic feet, all
hardwoods as 8.6 billion cubic feet, all oaks as
6.4 billion cubic feet, and all select oaks as 2.6
billion cubic feet (Spencer and Essex 1976).

For most forest type groups, except for loblolly/
shortleaf pine, pinyon/juniper, and oak/pine,
the percentage of total area owned by private
companies and individuals has declined since
1959. The acreages in loblolly/shortleaf pine
and oak/pine were similar between public and
private ownerships in 1959 (fig. 4). The
proportion of loblolly/shortleaf pine acreage on

privately owned lands declined from over 40
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percent in the 1959 survey to less than 10
percent in the 1972 survey, and it has been
steadily increasing since then. Since 1972, the
percentage of pinyon/juniper on private lands
has increased while the portion on public land
has decreased significantly. Public agencies have
aggressively re-introduced fire as a management
tool and employed stand improvement cuttings,
and perhaps this has resulted in the decrease of
publicly owned acreage in the forest type group.

While private landowners are not as proactive as
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public agencies in using fire as a management
tool, the increase in pinyon/juniper acreage
could also be due to conversion of former open
lands (pastures, crop fields, and the like) by
eastern redcedar invasion, and the reclassifica-
tion of former “non-forest” lands, like wooded

pastures, to “forest.”

Volume
Net volume of all live trees and salvable dead

trees on timberland was 17.6 billion cubic feet

Sawtimber Poletimber
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8,000 -
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Figure 2.—Area of
timberland by forest
type group, Missouri,
in thousands of acres,
1999-2001.

Figure 3.—Area of
timberland by
stand-size class,
Missouri, 1947-
2001.
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Figure 4.—Percentage of total area by year, species group, and ownership class for Missouri, 1959 to 2001.

in 2001 (table 5). All live trees made up 17.4
billion cubic feet or 99 percent. The difference
between the total and the 17.8 billion cubic
foot volume of all live trees on forest land (table
4) represents the 444 million cubic feet on land
that is either of low productivity (incapable of
growth greater than 20 cubic feet per acre per
year at the culmination of mean annual
increment) or reserved (e.g., parks, wilderness
areas). Of the 14.1 billion cubic feet of
growing-stock trees, 9.3 billion cubic feet or 66
percent was sawtimber. The sawtimber
percentage breakdowns for softwoods (65
percent) and hardwoods (66 percent) were

similar to the overall proportions.

Cull trees, at 3.2 billion cubic feet made up
18.8 percent of all live trees. The softwood cull
tree volume represented only 8.8 percent of the
total softwood live tree volume, whereas
hardwood culls represented 19.6 percent of the
total hardwood volume. Given the phototropic
(sun-following) growth habit of hardwoods, the
poor stem form resulting from inadequate self-
pruning, the history of high grading in
hardwood stands, and high stocking levels, the
disparity in the cull percentage is not surpris-

ing.

The net volume of growing stock on timberland
totaled 14.1 billion cubic feet in 2001 (table 6).
Over 96 percent (13.6 billion cubic feet) were

hardwood forest types and 3.6 percent (505
million cubic feet) were conifers. In this table,
the volumes were calculated for softwoods and
hardwoods for each forest type group. For
example, the oak/pine forest type group had
450 million cubic feet of softwoods and 442
million cubic feet of hardwoods. The lack of a
value in a cell of table 6 does not mean that
there is no volume of that species in Missouri,
but only that the inventory has not detected it.
An example of this anomaly is the lack of
softwood volume in the oak/gum/cypress forest
type group. There are certainly cypress stands
in Missouri that may be detected in subsequent

panels.

Growing-stock volume has been steadily
increasing in Missouri over the last 50 years
(fig. 5). Table 7 shows net volume of growing
stock on timberland by species group and
diameter class. The totals for softwood and
hardwood volumes, 1.2 billion cubic feet and
12.9 billion cubic feet, respectively, are the
same as the totals at the bottom of the columns
in table 6, and should not be confused with the
forest type group totals. For example, there are
hardwood and softwood species and volumes in
some oak/hickory or loblolly/shortleaf pine
(forest type group) stands.

The net volume of sawtimber on timberland
was 44.9 billion board feet (table 8). As with
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many other measures of coverage and abun-
dance in Missouri, hardwoods constituted the
preponderance of the volume (91 percent or
40.9 billion board feet). Red and white oaks
totaled 29.9 billion board feet or 73 percent of
the hardwood sawtimber total. Trees that were
19 or more inches in diameter were 5.2 percent
of the softwood volume (209 million board
feet) and 21.2 percent of the hardwood volume
(8.7 billion board feet). In 1989, the propor-
tions were 3.6 percent and 16.8 percent,

respectively (Spencer et al. 1992).

Biomass

The live aboveground biomass on timberland
in Missouri totaled 557.8 million dry tons
(table 9). Almost 9 percent of that total was in
the 1- to 5-inch trees, 70.9 percent was in
growing-stock trees, and 20.2 percent was in
non-growing-stock trees. Private landowners
held 81.8 percent or 456.1 million tons, while
public owners held 18.2 percent (101.6 million
dry tons). Of the 395.2 million dry tons in
growing-stock trees, 80.5 percent is on private
land and 19.5 percent is on public land.
Among non-growing-stock trees, 87 percent of
the biomass is on private land and 13 percent is
on public land (fig. 6).

Almost 72 percent of the total biomass of the
growing-stock trees was in the boles, and the
remaining 28.1 percent was in stumps, tops,
and limbs. Approximately the same proportions
existed for the 112.6 million dry tons of non-
growing-stock trees: 72.6 percent was in
bolewood and 27.4 percent was in stumps,
tops, and limbs. The only apparent deviation
was the percentage of biomass in publicly
owned growing-stock softwoods: 83.3 percent
of the biomass was made up of tree boles, and
the remaining 16.7 percent constituted the
stumps, tops, and limbs. This difference could
reflect management activities, or perhaps the
stands were made up mainly of younger, more
densely stocked pine plantings and natural
regeneration. Non-growing-stock softwoods on
public land, a relatively small 265.3 thousand
dry tons, also had a slightly higher percentage
in the boles, 76 percent, than did the total
ownership, non-growing-stock percentage of

72.6 percent.

An interesting facet of these data is the
relatively small proportion of aboveground
biomass in non-growing-stock softwood trees
(8.8 percent of all softwood biomass) vs. non-

growing-stock hardwood trees (20.9 percent of

Figure 5.—Growing-
stock volume on
timberland, Missouri,
1947-2001. (Note: The
sampling error
associated with an
inventory estimate is
represented by the
vertical line at the top
of each bar.)



Figure 6.—Live
aboveground biomass,
in million dry tons, by
ownership type and
forest type, for
Missouri, 1999-2001.
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all hardwood biomass). This disparity no doubt
reflects the higher proportion of hardwood
volume made up of species of little or no
commercial value and/or the higher likelihood
of hardwoods that have fire and mechanical
defects that result in quality degrades to the
point of being economically without value. It
should be pointed out, however, that degrade-
causing defects are often opportunities for
wildlife habitat (cavities and the like), so such
trees are hardly useless from an ecological

standpoint.

Growth, Removals, and Mortality
The growing stock on Missouri’s timberland
grew, on average, 606 million cubic feet per year
(table 10). Softwood growth was 44.9 million
cubic feet per year. Hardwood growth was 561
million cubic feet per year. Hardwood growth
was 92.6 percent of the total growth, while the
hardwood growing stock in 1989 was 90.4
percent of the total volume. The fastest growing
species groups, compared to the 1989 inven-
tory, were other eastern softwoods, increasing
by 43.0 million cubic feet per year, and hard
maple at 10.8 million cubic feet per year. Select

oaks (white and red) grew 166.4 million cubic

feet per year.

Average annual removals of growing stock on
timberland (table 11) totaled 119.5 million
cubic feet per year. Softwood removals were
12.0 million cubic feet per year or 10 percent of
the total. Hardwood removals were 107.5
million cubic feet per year. Removals from
private property totaled 105.4 million cubic feet
per year, 88.2 percent of all removals. Public
land removals averaged 14.1 million cubic feet
per year. The species group category “other red
oaks” had the highest average annual removals,
at 40.6 million cubic feet per year or 37.8
percent of the total average hardwood removal.
The next highest species group was “select
white oaks,” at 29.2 million cubic feet per year
(27.1 percent), followed by “other eastern soft
hardwoods” at 9.5 million cubic feet per year or
8.8 percent of the hardwood total.

Total average annual removals (hardwood and
softwood) were 22.0 percent of net annual
growth, while softwood removals alone were

29.9 percent. This latter percentage may reflect



a slowing of growth in mature stands, replace-
ment of softwoods by hardwoods as the
softwoods are harvested, higher than average
timber harvests, or some combination of these.
In all, however, the average annual net growth

far outpaced average annual removals.

Average annual mortality of all growing stock
on timberland, 1989 through 1999-2001, was
80 million cubic feet per year (table 12).
Ninety-four percent of the total, or 75.3 million
cubic feet per year, was from hardwoods, while
the remaining 4.8 million cubic feet per year
was from conifers. Across all species groups,
20.5 percent or 16.4 million cubic feet per year
occurred on public lands. If one looks at
hardwoods alone, 19.1 percent or 14.4 million
cubic feet per year of mortality was on public
lands, while average annual mortality of public
land softwood totaled 2 million cubic feet per
year or 42.2 percent of all softwood mortality.
Among hardwood species groups, the other red
oaks category had the highest mortality at 22.3
million cubic feet per year or 29.6 percent of all
hardwood mortality. This species group also
had the highest mortality on public lands, 6.3
million cubic feet per year. The 28.3 percent of
other red oak’s mortality that occurred on
public lands was the highest percentage for all
hardwoods and no doubt reflected the impact
of the oak decline complex on the dense,
overmature timber disproportionately repre-

sented on such lands (Lawrence et al. 2002).

Forest Health

The following information about pathogens
and insects affecting Missouri forests comes
from the National Forest Health Monitoring
Program (FHM) Web site at: http://
www.na.fs.fed.us/spfo/fhm/thh/fhh-01/mo/
mo_01.htm.

Drought—The drought of the past couple of
years has eased in some sections of Missouri.
Precipitation in 2001 tended to be average or
above average in the northern and western

sections of the State. However, many other

areas have not recovered from past droughts.
Precipitation in 2001 tended to be below
average in southern and southeastern Missouri,
areas that had some of the most severe drought

in recent years.

February 2001 was the wettest February on
record for Missouri as a whole. This was
followed by below average precipitation in
March and April for much of the State,
particularly southern Missouri. June and July
were wetter than normal in most areas,
particularly in western Missouri. Precipitation
was adequate to maintain foliage color through-
out the summer in most parts of Missouri. No
widespread foliar scorch was observed as in

past years.

Nevertheless, the effects of drought-related
stress in trees, particularly in red oaks, are
becoming more obvious across southern
Missouri with wood borer damage and evidence
of oak decline becoming more common.
Increased activity has been reported for several
wood borers including the red oak borer
(Enaphalodes rufulus), carpenterworms
(Prionoxystus sp.), twolined chestnut borer
(Agrilus bilineatus), prionus root borers (Prionus
sp.), and a variety of other Cerambycid and

Buprestid borers.

Oak Decline—Oak decline reports in Missouri
increased in 2001, especially in stands with a
large, old red oak component, growing in
shallow, rocky soils, and occurring on upper
slopes. Armillaria root rot, Hypoxylon canker,
red oak borers, and carpenterworms are
commonly associated with stands affected by
oak decline. The oak decline situation in
Missouri is not as serious as that in Arkansas.
However, all of the risk factors causing severe
oak decline in Arkansas are present throughout
much of the Ozark Highlands in southern
Missouri. In the next few years, widespread oak
mortality in Missouri could reach levels that
will have a major impact on forest and wildlife

resources.
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Oak Wilt—There were 12 confirmed cases of
oak wilt caused by Ceratocystis fagacearum in
2001. These positives were collected from the
following counties: Platt, Clay, Jackson,
Howard, Boone, Audrain, Callaway, Marion,
Montgomery, Lincoln, St. Charles, and St. Louis.
Five positives were recovered from pin oak,
three from shingle oak, and four from northern
red oak. Oak wilt mats or pads were observed
in at least one FIA plot located in Howard

County.

White Pine Decline—White pines 20-30 years
of age continued to have wilt-like stress
associated with sunken bark on the main stems.
The cause cannot be attributed to a single
fungal agent on 10 trees sampled randomly
across Missouri, but may be related to xylem

cavitation that results from transpira-

1] 2001 Spring Defoliators—Several oak
Missouri defoliators caused scattered damage
Oak Wilt Survey across southern and western Missouri
Positives

during May 2001. The common oak
moth (Phoberia atomaria), a Noctuid
looper, caused defoliation primarily on
post oaks in two tiers of counties along
the southern edge of the State. A
complex of several defoliator species
was active in west central Missouri,

defoliating a variety of oaks.

Summer Defoliators—Defoliation by

the variable oakleaf caterpillar

(Lochmaeus manteo) was less in 2001
than in the past few years. One small pocket of
heavy defoliation by this insect (less than 2,000
acres) was observed in late summer in southern
Iron County, approximately 50 miles east of
where defoliation occurred in Texas and Dent
Counties in 1999 and 2000. Oak defoliation by
grasshoppers was also observed in middle to
late summer in several scattered stands in

southeastern Missouri.

Jumping Oak Gall—Foliar damage from the
jumping oak gall wasp (Neuroterus sp.) was
minimal in 2001. Very light infestations were
observed in a handful of forest stands, primarily
in eastern Missouri. This light damage repre-
sents a sharp decrease from the widespread
foliar damage that occurred in eastern Missouri
during 1998-2000.

tion-induced water stress during

prolonged drought.

Fire Blight—Fire blight reports were high
through June and July over much of
Missouri. The increase was likely due to a
severe hail storm centered in mid-Missour:
'Bradford’ pear, a normally tolerant tree, he
many reports of tip dieback, although mos
trees recovered by the end of the growing

season.

% Spring 2001

Oak Defoliation




Horned and Gouty Oak Galls—Heavy T

branch galling by the horned oak gall wasp ’j‘_' 2001
(Callirhytis cornigera), and possibly also the Gypsy Moth
gouty oak gall wasp (C. quercuspunctata), was Catches

observed on individual shingle oaks and other
species of oaks throughout central and eastern
Missouri in 2001. Heavy damage by these galls
can cause significant branch dieback and, in
severe cases, tree mortality, if populations
repeatedly attack the same trees over several

years.

Gypsy Moth—The Missouri Cooperative Gypsy
Moth Survey continued its annual effort to
detect gypsy moths by placing and monitoring
approximately 12,000 traps throughout
Missouri in 2001. A total of six moths were
captured statewide: four moths from St. Louis
County, one from Stone County, and one from
Callaway County. Captures in the first two
counties represent the same general areas where
moths have been caught for the past several
years in the St. Louis urban area and the
popular recreation area of Branson and Table
Rock Lake in southwestern Missouri, respec-
tively. Large volumes of interstate traffic
traveling to those areas provide opportunity for
gypsy moths to repeatedly hitchhike into the
State.

In spite of repeated moth captures in some
areas, there are no known populations of gypsy
moths in Missouri at this time. Sites where
gypsy moths were captured one year are
surveyed with an increased trap density in the
following year. In most cases, survey results in
the vicinity of past captures have been negative
within 1 or 2 years following the original
capture. Despite these favorable past results, the
risk of gypsy moths establishing in Missouri
continues to increase as infested areas in nearby
States expand. Statewide gypsy moth monitor-

ing efforts will continue annually in Missouri.

Summary

As long-term trends continue in Missouri, most
measures of forested area and volume show
increases. Area has increased steadily since a
low point in 1972, while standing volume has
continued to increase since 1947. By and large,
Missouri’s forests are healthy, but there are more
and more indications of problems, particularly
with respect to oak decline. The severity of oak
decline in neighboring Arkansas suggests that

Missouri forests are at risk.

As additional data become available from
ensuing panels, a more precise picture of the
direction of Missouri forests will emerge.
Additional data related to the two most recent
inventories of Missouri (1989 and 1999-2001)
are available at: http://www.ncrs.fs.fed.us/4801/
fiadb/index.htm.
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APPENDIX

Inventory Methods

Since the 1989 inventory of Missouri, several
changes have been made in NCFIA inventory
methods to improve the quality of the inventory
as well as to meet increasing demands for timely
forest resource information. The most signifi-
cant difference between inventories is the
change from periodic inventories to annual
inventories. Historically, NCFIA periodically
inventoried each State on a cycle that averaged
about 12 years. However, the need for timely
and consistent data across large geographical
regions, combined with national legislative
mandates, resulted in NCFIAs implementation
of an annual inventory system. Missouri was
one of the first States in the North Central
region, and in the Nation, to be inventoried
with this new system, beginning with the 1999

inventory.

With an annual inventory system, about one-
fifth of all field plots are measured each year.
After 5 years, an entire inventory cycle will be
completed. After the first 5 years, NCFIA will
report and analyze results as a moving 5-year
average. For example, NCFIA will be able to
generate a report based on inventory results for
1999 through 2004 or for 2001 through 2006.
While there are great advantages for an annual
inventory, one difficulty is reporting results
before an entire cycle is completed. With the
2001 annual measurements, 60 percent of all
field plots have been measured. Sampling error
estimates for the 2001 inventory results are area
of forest land, 1.04 percent; area of timberland,
1.11 percent; number of growing-stock trees on
timberland, 1.89 percent; volume of growing
stock on timberland, 1.81 percent; and volume
of sawtimber on timberland, 2.32 percent.
These sampling error estimates are higher than
those for the last periodic inventory completed
in 1989 (i.e., 0.53 percent for timberland area
and 1.04 percent for growing-stock volume)

because of the smaller sample sizes. Thus,

caution should be used when drawing conclu-
sions based on this limited data set. As we
complete ensuing measurements, we will have
additional confidence in our results due to the
increased number of field plots measured. As
each measurement year is completed, the

precision of estimates will improve.

Other significant changes between inventories
include new remote sensing technology, a new
field plot design, and the gathering of addi-
tional remotely sensed and field data. The
advent of remote sensing technology since the
previous inventory in 2001 has allowed NCFIA
to use computer-assisted classifications of
Multi-Resolution Land Characterization
(MRLC) data and other available remote sensing
products to stratify the total area of the State
and to improve the precision of estimates.
Previous inventories in Missouri (1947, 1959,
1972, and 1989) used manual interpretation of
aerial photos to stratify the State.

New algorithms were used in 1999-2001 to
assign forest type and stand-size class to each
condition observed on a plot. These algorithms
are being used nationwide by FIA to provide
consistency among States and will be used to
reassign the forest type and stand-size class of
every plot measured in the 1989 inventory
when it is updated. This will be done so that
changes in forest type and stand-size class will
more accurately reflect actual changes in the
forest and not changes in how values are
computed. The list of recognized forest types,
grouping of these forest types for reporting
purposes, models used to assign stocking values
to individual trees, definition of nonstocked,
and names given to the forest types changed
with the new algorithms. As a result, compari-
sons between the published 2001 inventory
results and those published for the 1989
inventory may not be valid. For additional
details about algorithms used in both invento-

ries, please contact NCFIA.



Sampling Phases

The 2001 Missouri survey was based on a
three-phase inventory. The first phase used
classified satellite imagery to stratify the State
and aerial photographs to select plots for
measurement. The second phase entailed
measurement of the traditional FIA suite of
mensurational variables, while the third phase
focused on a suite of variables related to the
health of the forest.

The only land that could not be sampled was
private land where field personnel could not
obtain permission from the owner to measure
the field plot and plots that could not be
accessed because of a hazard or danger to field
personnel. The methods used in the prepara-
tion of this report make the necessary adjust-
ments to account for sites where access was

denied or hazardous.

Phase 1

The 2001 inventory used a computer-assisted
classification of satellite imagery. FIA used the
imagery to form two initial strata—forest and
nonforest. Pixels within 60 m (2 pixel widths)
of a forest/nonforest edge formed two addi-
tional strata—forest/nonforest and nonforest/
forest. Forest pixels within 60 m on the forest
side of a forest/nonforest boundary were
classified into a forest edge stratum. Pixels
within 60 m of the boundary on the nonforest
side were classified into a nonforest edge
stratum. The estimated population total for a
variable is the sum across all strata of the
product of each stratums’ estimated area and
the variable’s estimated mean per unit area for

the stratum.

Phase 2

Phase 2 of the inventory consisted of the
measurement of the annual sample of field
plots in Missouri. Current FIA precision
standards for annual inventories require a
sampling intensity of one plot for approxi-
mately every 6,000 acres. FIA has divided the
entire area of the United States into non-
overlapping hexagons, each of which contains
5,937 acres (McRoberts 1999). An array of field

plots was established by selecting one plot from

each hexagon based on the following rules: (1)
if a Forest Health Monitoring (FHM) plot
(Mangold 1998) fell within a hexagon, it was
selected; (2) if no FHM plot fell within a
hexagon, the existing NCFIA plot from the
1989 inventory nearest the hexagon center was
selected; and (3) if neither FHM nor existing
NCFIA plots fell within the hexagon, a new
NCFIA plot was established in the hexagon
(McRoberts 1999). This array of plots is
designated the Federal base sample and is
considered an equal probability sample; its
measurement in Missouri is funded by the
Federal government. In addition, the Missouri
Department of Conservation contributed
personnel and equipment that allowed for
intensified sampling in several regions of the

State.

The total Federal base sample of plots was

systematically divided into five interpenetrating,

non-overlapping subsamples or panels. Each
year the plots in a single panel are measured,
and panels are selected on a 5-year, rotating
basis (McRoberts 1999). For estimation
purposes, the measurement of each panel of
plots may be considered an independent
systematic sample of all land in a State. Field
crews measure vegetation on plots forested at
the time of the last inventory and on plots
currently classified as forest by trained
photointerpreters using aerial photos or digital
ortho-quads.

Phase 3

NCFIA has two categories of field plot measure-

ments—phase 2 field plots (standard FIA plots)
and phase 3 plots (forest health plots)—to
optimize our ability to collect data when
available for measurement. Both types of plot
are uniformly distributed both geographically
and temporally. Phase 3 plots are measured
with the full suite of FHM vegetative and health
variables (Mangold 1998) collected as well as
the full suite of measures associated with phase
2 plots. Phase 3 plots must be measured
between June 1 and August 30 to accommodate

the additional measurement of non-woody

11
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understory vegetation, ground cover, soils, and
other variables. We anticipate that in Missouri
the complete 5-year annual inventory will
involve about 220 phase 3 plots. On the
remaining plots, referred to as phase 2 plots,
only variables that can be measured throughout
the entire year are collected. In Missouri, the
complete 5-year annual inventory is expected
to involve about 4,633 phase 2 forested plots.
The 2000-2001 annual inventory results
represent field measures on 985 phase 2
forested plots and 43 phase 3 plots.

The new national FIA plot design (fig. 7) was
first used for data collection in Missouri in
1999, the first annual inventory year. This
design was also used in the 2000 and 2001
inventories and will be used in subsequent
years. The national plot design requires
mapping forest conditions on each plot. Due to
the small sample size (20 percent) each year,
precision associated with change factors such as
mortality will be relatively low. When the
complete annual inventory has been completed
in 2003, the full range of change data will be

available.

The overall plot layout for the new design
consists of four subplots. The centers of
subplots 2, 3, and 4 are located 120 feet from
the center of subplot 1. The azimuths to
subplots 2, 3, and 4 are 0, 120, and 240
degrees, respectively. The center of the new plot
is located at the same point as the center of the
previous plot if a previous plot existed within
the sample unit. Trees with a d.b.h. 5 inches
and larger are measured on a 24-foot-radius
(1/24 acre) circular subplot. All trees less than

5 inches d.b.h. are measured on a 6.8-foot-
radius (1/300 acre) circular microplot located
12 feet east of the center of each of the four
subplots. Forest conditions that occur on any of
the four subplots are recorded. Factors that
differentiate forest conditions are changes in
forest type, stand-size class, reserved status,
ownership, and density. Each condition that

occurs anywhere on any of the subplots is

| N
| |
MAGNETIC

e ~
Plot

- ~
@ center @

Figure 7.—Current NCFIA field plot design.

identified, described, and mapped if the area of

the condition meets or exceeds 1 acre in size.

Field plot measurements are combined with
phase 1 estimates in the compilation process
and table production. The number of published
tables generated from less than five panels of
data is limited. Additional data related to the
most recent inventories of Missouri are available
at: hup// www.ncrs.fs.fed.us/4801/fiadb/

index.htm.
For additional information, contact:

Program Manager

Forest Inventory and Analysis
North Central Research Station
1992 Folwell Ave.

St. Paul, MN 55108

Or

State Forester

Missouri Department of Conservation
2901 West Truman Blvd.

Jefferson City, MO 65102

Web site: http://www.mdc.state.mo.us/forest/
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The U.S. Department of Agriculture (USDA) prohibits discrimination
in all its programs and activities on the basis of race, color, national
origin, gender, religion, age, disability, political beliefs, sexual
orientation, and marital or family status. (Not all prohibited bases
apply to all programs.) Persons with disabilities who require
alternative means for communication of program information (Braille,
large print, audiotape, etc.) should contact USDA's TARGET Center at
(202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of
Civil Rights, Room 326-W, Whitten Building, 14th and Independence
Avenue, SW, Washington, DC 20250-9410, or call (202) 720-5964
(voice or TDD). USDA is an equal opportunity provider and employer.

The Forest and Analysis web site is:

www.fia.fs.fed.us
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Moser, W. Keith; Treiman, Thomas; Moltzan, Bruce; Lawrence, Robert; Brand,
Gary J.

2003. Missouri’s forest resources in 2001. Resour. Bull. NC-226. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North Central Research
Station. 26 p.

Results of the 2001 fifth annual inventory of Missouri’s forest resources
show an estimated 14.7 million acres of forest land in the State. The oak-
hickory type is the predominant forest type on the landscape, making up
over 70 percent of all forested land. Between 1989 and 1999-2001, the net
volume of all live trees on timberland increased by 29 percent, from 13.8
billion cubic feet to 17.8 billion cubic feet. The continued drought, along with
the mature age of many of the oak forests and overstocked forest stands,
may worsen oak decline.

KEY WORDS: Annual inventory, forest area, forest type, volume, biomass,
Missouri




Mission Statement
'

We believe the good life has its roots in clean air, sparkling water, rich soil, healthy
economies and a diverse living landscape. Maintaining the good life for
generations to come begins with everyday choices about natural resources. The
North Central Research Station provides the knowledge and the tools to help
people make informed choices. That's how the science we do enhances the
quality of people’s lives.

For further information contact:

North Central
Research Station

= USDA Forest Service
1992 Folwell Ave., St. Paul, MN 55108

Or visit our web site:

www.ncrs.fs.fed.us






